The duration of the various phases of left ventricular systole has been measured in a series of So normal subjects using high speed simultaneous recordings of the electrocardiogram, the phonocardiogram, the carotid pulse, and the apex cardiogram.
5) Total mechanical systole (TMS).
The results in normal subjects are presented to establish a normal range for comparison with those in various cardiac disorders. In addition, we have compared our findings with those of other workers.
Methods and subjects
Studies were performed on 5o normal healthy adults (35 men and I5 women) aged i8 tO 79 years. Twenty-five were under 40 and 25 were over 40 years of age. The majority were members of the hospital staff and the remainder were surgical patients admitted for relatively minor procedures unrelated to the cardiovascular system. All subjects had a normal exercise tolerance, no cardiovascular abnormality on clinical examination, a normal electrocardiogram, and were not on any form of medication.
Simultaneous recordings were made of the electrocardiogram, the phonocardiogram, the apex cardiogram, and the right carotid arterial pulse using a multichannel oscilloscopic recorder (Cambridge Instrument Company) and a paper (Fig. i) .
i) The total period of electromechanical systole or the Q-A2 interval. Defined as the interval from the onset of the Q wave of the electrocardiogram to the onset of the first high frequency component of the aortic component of the second sound.
2) The left ventricular ejection time measured from the beginning of the carotid upstroke to the nadir of the carotid incisura.
3) The interval from the beginning of the upstroke of the apex cardiogram to the onset of the carotid upstroke. 4) The delay in transmission of the central arterial pulse to the carotid artery, or the pulse transmission time, measured from the first rapid vibration of the aortic component of the second sound to the nadir of the carotid incisura.
All intervals were calculated as the mean of measurements made on at least five cardiac cycles, each read to the nearest 5 msec. Heart rate was calculated from the average RR interval of the cycles measured.
The following intervals were calculated from the above measurements. TMS=IVCT+LVET. This is the same as the interval from the beginning of the upstroke of the apex cardiogram to the aortic component of the second heart sound (A2).
The results on the 50 subjects were statistically evaluated (Croxton, 1959 The pre-ejection period is the time interval between the onset of depolarization and the onset of left ventricular ejection. It includes the time taken for the spread of the electrical stimulus through the myocardium; the period of left ventricular contraction before mitral valve closure; and the period between mitral valve closure and the onset of ejection. It is equal to the difference between the Q-A2 interval and the left ventricular ejection time.
In this series of 5o normal subjects, the preejection period showed a poor correlation with heart rate (r = -0.30). The regression equation was similar to that calculated by Weissler et al. (I968) in their series of normal subjects (Fig. 2) .
The preceding measurements have used the electrocardiogram, the phonocardiogram, and the carotid pulse wave. For indirect measurement of the isovolumetric contraction time of the left ventricle a simultaneous apex cardiogram is also recorded. Spodick and Kumar (I968b) have studied the use of the simultaneous apex cardiogram and carotid pulse wave to measure the isovolumetric contraction time of the left ventricle and considered three definitions: firstly, the time interval from mitral valve closure to the onset of left ventricular ejection; secondly, the time interval from the onset of left ventricular pressure rise, which precedes mitral valve closure, to the onset of ejection (Wiggers, I92I); and thirdly, the time interval from the onset of left ventricular contraction or movement, which precedes the rise of pressure, to the onset of ejection. This third definition is that used by Spodick and Kumar (I968b). (Fig. i) . This time lag, the pulse transmission time, appears to be the same at the onset as at the end of ejection (Harrison et al., I964) , and equal to the time interval between the aortic second sound and the nadir of the carotid incisura. We have been unable to find any data to substantiate this point and therefore we studied 7 patients using simultaneous recordings of central aortic pressure and the indirect carotid pulse. The delay between the onset of the aortic pressure pulse and the right carotid pulse wave was on average 23 msec (range I9-29), (Table 2 and Fig.  3 ). The interval between the aortic second sound and the nadir of the carotid incisura in these patients was also on average 23 (range I6-30) msec. These two measurements were therefore in close agreement, thus validating the use of the A2 -incisura interval as an accurate measure of the pulse transmission time from the central aorta to the carotid artery.
The isovolumetric contraction time in the 50 normal subjects studied was 70 ± 9.5 msec (range 5i-9o). This agrees with the findings of Oreshkov (i965) who found it to be 67 ± I5 msec (range 40-9o) and Spodick and Kumar (I968b) who found it to be 70-9 ± i5-8 msec (range 40 to go). There was no significant relation between the isovolumetric contraction time and heart rate, and our findings confirm those of Oreshkov (I965) who also found no relation to heart rate in a study of 40 normal subjects. This differs from the experimental studies of Wallace et al. (I963) who found that the isovolumetric contraction time in dogs was significantly shortened by increasing the heart rate.
Serial daily studies of the phases of left ventricular systole in normal subjects, before and after exercise, have shown no deviation of the measurements from the normal range with heart rates varying from 50 to I20 beats a minute. Observations in the same subject are reproducible from day to day.
The methods described in this paper provide a simple non-traumatic technique for measuring cardiac performance. Measurements can be repeated as often as required without any disturbance or risk to the patient. The normal measurements and their relation to heart rate provide a basis for comparison with the findings in cardiac disease.
